Divergent function in the crotonase superfamily: an anhydride intermediate in the reaction catalyzed by 3-hydroxyisobutyryl-CoA hydrolase.
3-Hydroxyisobutyryl-CoA hydrolase (HICH), a member of the enoyl-CoA (crotonase) superfamily, catalyzes the hydrolysis of 3-hydroxyisobutyryl-CoA to 3-hydroxyisobutyrate. Like other members of the superfamily, the sequence of HICH contains conserved sequences for an oxyanion hole that stabilizes anionic intermediates. In contrast to most members of the superfamily, the reaction catalyzed by HICH does not proceed via formation of a thioester enolate anion; instead, evidence based on substrate deuterium isotope effects, the reactivity of substrate analogues that cannot form thioester enolate anions, single-turnover experiments in H218O, and the kinetic phenotypes of site-directed mutants provide evidence for a mechanism involving the formation of an anhydride intermediate involving Glu143 in the active site. In the reactions catalyzed by many members of the superfamily, homologues of Glu143 abstract the alpha proton of the thioester substrate to generate the thioester enolate anion intermediate. Presumably, one or more of the anionic tetrahedral intermediates on the HICH reaction coordinate are stabilized by the oxyanion hole. Thus, we conclude that the conserved oxyanion hole in this superfamily can be used to stabilize a variety of anionic intermediates.